A best evidence topic in thoracic surgery was written according to a structured protocol. The question addressed was 'Is there an indication for routine prophylaxis against postoperative supraventricular arrhythmia in patients undergoing pulmonary resection surgery?' Altogether almost 150 papers were found as a result of the reported search, of which 14 represented the best evidence to reach conclusions regarding the issues of interest for this review. The major outcome of interest that was investigated was the incidence of supraventricular arrhythmia (SVA), notably atrial fibrillation (AF). The authors, journal, date and country of publication, patient group studied, study type, relevant outcomes, results and study weakness of the papers were tabulated. Current guidance from the Society of Thoracic Surgeons (STS) supports the use of diltiazem and amiodarone in most patients undergoing major pulmonary resection. Robust data from a large randomized, controlled trial (RCT) showed a reduction from 25 to 15% in the incidence of clinically significant atrial arrhythmia with diltiazem; P<0.03. Moreover, numerous RCTs have shown that there is a clear benefit with the use of amiodarone in reducing the incidence of postoperative SVA. Of note, one prospective clinical trial randomized 242 patients into a treatment group with amiodarone (n = 122) and a placebo group (n = 120). The incidence of postoperative AF was reduced from 32 to 9% in the active arm; P < 0.001. The risk of acute lung injury with amiodarone has not been substantiated further in more recent clinical trials and has in fact been shown to be safe. The STS guidelines do, however, advise against the use of amiodarone in extensive lung resection such as pneumonectomy. We conclude that there is an indication for routine prophylaxis against postoperative supraventricular arrhythmia in patients undergoing pulmonary resection. However, further data are needed to ascertain the impact of said anti-arrhythmic medications on the length of postoperative hospital stay, intensive care unit stay and cost. Those patients deemed high-risk need to be promptly identified, so the anti-arrhythmic therapy can be tailored to the cohort thus optimizing on cost and safety.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol as outlined in the Best BETS document, which is fully described in the ICVTS [1] .
THREE-PART QUESTION
In [adult patients undergoing pulmonary resection surgery], is there an indication for [routine prophylaxis] to prevent [ postoperative supraventricular arrhythmias]?
CLINICAL SCENARIO
I am working in a thoracic surgical unit with an incidence of postoperative supraventricular tachycardia of around 10-15% following major lung resection. You have noticed that from previous centres sometimes prophylaxis was used and other times nothing was used.
You wonder whether the prophylactic use of anti-arrhythmics is appropriate, and resolve to search the literature yourself.
SEARCH STRATEGY
Medline 1948 to 2014 using the PubMed interface. Search strategy employed: ( prophylaxis OR prevention) AND ('Pulmonary Surgical Procedures' [Mesh] OR lobectomy OR pneumonectomy OR lung surgery) AND ('Atrial Fibrillation' [Mesh] OR atrial fibrillation OR AF). 
DISCUSSION
The incidence of arrhythmias following non-cardiac thoracic operations has been reported at rates of up to 28% [16] [17] [18] . Atrial fibrillation (AF) accounts for the majority of rhythm abnormalities. The extent of pulmonary resection, advanced age, malignancy, sex, intrapericardial pneumonectomy and mediastinal dissection are all recognized risk factors for the development of postoperative supraventricular arrhythmias (SVAs) [16] . AF is a potentially preventable complication, a complication that incurs significant costs and morbidity to inpatient stays; with an ageing population, the incidence of such complications as well as cost is likely to increase [9] . The Society of Thoracic Surgeons guidelines recommend the use of diltiazem and amiodarone in most patients undergoing major pulmonary resection; however, the latter is not recommended for pneumonectomy patients owing to the toxicity risk [6] ; former Best Evidence Topic data support the use of diltiazem and magnesium [19] . However, in spite of this, there is no well-defined strategy and as such routine use of anti-arrhythmics is highly variable. A randomized prospective trial recruited 70 patients undergoing pneumonectomy or extrapleural pneumonectomy. The cohort was randomized to receive either diltiazem or digoxin in equal numbers per arm, in order to ascertain the impact on the incidence of postoperative SVAs. The incidence of SVA was 14 and 31% in the diltiazem and digoxin cohorts, respectively, P < 0.005. The study concluded that diltiazem is both safe and effective in decreasing the incidence of SVD after pneumonectomy [2] .
A further randomized controlled study with double blinding and placebo control recruited 330 pneumonectomy or lobectomy patients. They were randomized to receive diltiazem prophylaxis (n = 167) or placebo (n = 163). The incidence of clinically significant or sustained atrial arrhythmias was 15 and 25% in the treatment and placebo groups, respectively (P < 0.03) [3] .
Borgeat et al. [4] prospectively analysed the effects of flecainide on thoracotomy patients randomized to receive this antiarrhythmic. The incidence of AF between the two groups was found to be insignificant, but flecainide reduced the incidence of overall SVA when compared with control (digoxin in this study); P < 0.05. The small sample sizes (n = 15) in the groups limited the reliability of the data, however.
Ciszewski et al. [5] conducted a prospective, randomized, controlled trial (RCT), where 117 pneumonectomy or lobectomy patients were equally randomized to one of three groups: Group 1 (n = 39)-acebutolol, Group 2 (n = 39)-diltiazem and Group 3 (n = 39)-no anti-arrhythmics ( placebo). AF occurred at rates of 5, 23 and 20% in Groups 1, 2 and 3, respectively.
Jakobsen's group [7] found that metoprolol significantly reduces the incidence of AF in post-thoracotomy patients, P < 0.05; however, the small sample size (n = 15) limited the reliability of the data.
Khalil et al. conducted a trial involving 438 patients undergoing lobectomy whereby patients were equally randomized to receive amiodarone or magnesium sulphate prophylaxis. Both agents were effective in decreasing the incidence of postoperative AF compared with control; however, there was no significant difference between the two treatment arms. Postoperative AF occurred in 21 of 219 (9.6%) patients in the amiodarone group and in 27 of 219 (12.3%) patients in the magnesium group [8] .
Lanza et al. retrospectively analysed patients over 60 who underwent pulmonary resection in a 30-month period. Thirty-one patients received low-dose oral amiodarone (LDOA) and 52 received no prophylaxis. The incidence of postoperative AF was 9.7 and 33% in the treatment and 'no prophylaxis' groups, respectively, P = 0.02. Furthermore, the study found that prophylactic therapy was associated with a slower rate of accumulation of hospital charges during the inpatient stay [9] .
Nojiri et al. examined the prophylactic effects of low-dose atrial natriuretic peptide (ANP) on the incidence of postoperative AF in 40 patients who underwent pulmonary resection with raised preoperative titres of B-type natriuretic peptide (BNP) (>30 pg/ml). The patients were equally randomized to receive ANP or placebo. The incidence of postoperative AF was 10 and 60% in the treatment and placebo groups, respectively. Raised preoperative BNP titres confer an increased risk for postoperative SVAs, and this study concluded that continuous low human ANP infusion exerts a prophylactic effect against postoperative SVAs in this group of higher-risk patients [10] .
Riber et al. [11] randomized lung cancer patients undergoing pulmonary resection into a treatment group with amiodarone (n = 122) and a placebo group (n = 120); the incidence of postoperative AF was 9 and 32%, respectively, P < 0.001.
Ritchie et al. [12] concluded that there is no role for digoxin in the prevention of post-lung resection arrhythmias.
Terzi et al. [13] randomized 193 patients to a magnesium arm (n = 93) and control arm (n = 101). The incidence of AF in the active group was reduced from 26.7 to 10.3%, without side-effects.
Tisdale et al. [14] randomized 130 patients undergoing lobectomy or pneumonectomy equally to a treatment arm with amiodarone and to a control arm (no prophylaxis). The incidence of AF was 13.8 and 32.3% in the treatment and control arms, respectively, P = 0.02. The median of intensive care stay was significantly shorter (P = 0.03) in the amiodarone group 46 vs 84 h.
Van Mieghem et al. [15] randomized 199 post-lung resection patients to receive verapamil (n = 100) and placebo (n = 99). The incidence of AF was reduced from 15 to 8% in the active group; however, these findings were insignificant.
RCT data have effectively demonstrated the safety and efficacy of diltiazem in decreasing the overall incidence of SVA postpneumonectomy [3] . Similarly, RCT evidence exists to illustrate the efficacy of amiodarone in preventing clinically significant postthoracotomy SVA [8, 11, 14] ; the concern of lung injury associated with amiodarone use [20] has not been confirmed in follow-up studies where its use has been deemed to be safe [21, 22] . Indeed, the best evidence exists to support the use of amiodarone [8, 9, 11, 14] , and then diltiazem [2, 3] and finally beta-blockers [5, 7] ; however, there are no recent robust RCT data to further explore the use of beta-blockers.
CLINICAL BOTTOM LINE
There is good evidence to support the routine use of prophylactic agents in pulmonary resection patients with centres reporting up to a 45% overall risk reduction in the incidence of clinically significant SVA [3] . However, further RCT evidence is needed to delineate whether administration results in decreased costs and length of hospital or intensive care unit stay. Furthermore, the identification of high-risk patient subsets is warranted such that particular classes of anti-arrhythmic can be tailored to these groups thus optimizing cost and patient safety [23] .
